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Resume -Nous examinons l e probl6me de l a s t r u c t u r e en i s o s p i n des resonances ge'antes i s o v e c t o r i e l l e s . Nous proposons une t h e o r i e fondee s u r des rPgles de somme pour l a determination d e s c e n t r o i d e s des d i f f s r e n t s fragments d p a r t i r d'un Hamiltonien donne. P l u s i e u r s o p e r a t e u r s d ' e x c i t a t i o n s o n t examines e t l e s formules e x p l i c i t e s d e r i v e e s .
A b s t r a c t -W e analyze t h e i s o s p i n s t r u c t u r e of i s o v e c t o r qiantresonances. W e set-up a theory, based on sum r u l e s , t o p r e d i c t t h e c e n t r o i d energ i e s and t h e s t r e n g t h s of t h e v a r i o u s fragments,for a given H a m i ltonian. D i f f e r e n t o p e r a t o r s a r e discussed and e x p l i c i t examples a r e worked o u t . I -INTRODUCTION *
An i n t e r e s t i n g f e a t u r e of t h e i s o v e c t o r g i a n t resonances i s t h a t t h e various i s o s p i n fragments s p l i t . This phenomenon was p r e d i c t e d long ago / 1 / and many experimental ef f o r t s were done i n t h e l a t e s i x t l e s and i n t h e e a r l y s e v e n t i e s i n o r d e r t o d e t e c t t h e l s o s p i n splitting mainly of t h e g i a n t d i p o l e resonance /2/ . Theories were a l s o proposed t o p r e d i c t t h a t s p l i t t i n g / 3 / . A t t h a t time, however, r a t h e r few d a t a ( i f any) on the lowest fragment were a v a i l a b l e and t h e i d e n t i f i c a t i o n of t h e various components was somewhat ambiguous.Today, because o f t h e b e a u t i f u l measurements on charge exchange r e a c t i o n s /4/ and t h e pioneer experiments on o t h e r e x c i t a t i o n s than t h e e l e c t r i c d i p o l e ones / 5 / , t h e f i e l d i s again r a t h e r promising and t h e s i t u a t i o n can b e reexamined. The aim of t h~s t a l k i s not t o review t h e various d e t a i l e d works on t h e s u b j e c t o r t h e r e s u l t s of many experiments, b u t t o summarize t h e many a s p e c t s t h a t t h e d i f f e r e n t i s o v e c t o r e x c i t a t i o n s have i n common and t o s k e t c h o u t t h e main c h a r a c t e r i s t i c s of t h e i n g r e d i e n t s which f o r c e t h e various l s o s p i n fragments of an i s o v e c t o r e x c i t a t i o n t o s p l i t .
I1 -THEORY
A t t h e very beginning l e t us introduce t h e necessary q u a n t i t i e s , n o t a t i o n s and conventions. When d e a l i n g with an i s o v e c t o r e x c i t a t i o n it i s now t r a d i t i o n a l t o d i s t i n guishbetween i t s v a r i o u s charge exchange components AT = O,-+I. L e t us suppose, a s t h e most common case, t h a t t h e v a r i o u s i s o v e c t o r e x c i t a t i o n o p e r a t o r s a c t on a T3 = T > 6 n u c l e a r t a r g e t . Once t h e Coulomb energy i s removed, the fragments with t h e same i s o s p i n a r e essent i a l l y degenerate (Fig. (2) ) . In t h e following we w i l l i n d i c a t e with u+, Oo, 0-the t o t a l s t r e n g t h s of t h e -+ AT= + 1,0,-1 e x c i t a t i o n o p e r a t o r P = $ f i Ti r e s p e c t i v e l y and w i t h E+, Eo, E-t h e c e n t r o i d s of t h e s t r e n g t h s . Owing t o t h e i s o s p i n geometry, 5-i s composed of t h r e e p a r t s , having i s o s p i n s T + 1, T, T -1. a. i s composed of two fragments with T + 1 and T ; f i n a l l y 0+ i s composed only of a T + 1 fragment (Fig. ( I ) ) . Guided by t h e geometry it i s convenient t o introduce t h r e e "reduced" ( v i a Wigner-Eckart) quantit i e s OT+l, oT, OT-l connected t o 0-, a,, a+, through t h e isogeometrical f a c t o r s .
A convenient d e f i n i t i o n of t h e s e "reduced" s t r e n g t h s l e a d s t o t h e following express i o n s / 6 / .
Note t h a t t h i s procedure f a c t o r i z e s o u t only t h e geometrical dependence on t h e is02
pin. A f u r t h e r (dynamical) dependence of aT, on T' h a s t o be expected. (TI= T+1,T,
T-1). The goal o f a f u l l y d e t a i l e d study of t h e i s o s p i n fragmentation of an isovect o r e x c i t a t i o n i s t h e p r e d i c t i o n ( o r t h e measure) of t h e s t r e n g t h d i s t r i b u t i o n of t h e v a r i o u s fragments. I n t h e following we w i l l r e s t r i c t o u r s e l v e s t o a schematic study of t h e total i s o s p i n s t r e n g t h and of t h e c e n t r o i d s e n e r g i e s ET+l, ET, ET-1 of t h e i s o s p i n fragments, w i t h i n t h e assumption t h a t t h e s t r e n g t h s a r e mainly concent r a t e d i n some narrow energy regions. Furthermore we w i l l focus on l a r g e T n u c l e i . For t h e s e nuclei,from r e l . ( l ) the bulk of t h e e x c i t a t i o n of 0-i s a T-1 fragment; whereas t h e bulk of 0, i s a T fragment. For t h e s e n u c l e i one expects t h a t E-=' ET-1, Eo=' ET ( E + Z E~+~) , s o t h a t we can focus our a t t e n t i o n on E+, Eo, E-. I n o r d e r t o
express E+, Eo, E-some convenient q u a n t i t i e s can be introduced a s follows: l e t AT be a q u a n t i t y such t h a t and l e t AV be such t h a t Then
One expects t h a t t h e l e a d i n g c o n t r i b u t i o n t o OV i s a " f i r s t o r d e r e f f e c t " i n t h e int e r a c t i o n r e s p o n s i b l e f o r t h e s p l i t t i n g and t h e l e a d i n g c o n t r i b u t i o n t o AT i s a "second o r d e r e f f e c t " , /7/ s o t h a t
Furthermore, a s f a r a s t h e dynamical dependence of AT and AV on t h e i s o s p i n i s rat h e r smooth we can study ET-1 , ET , ET+l , using t h e a p p r o p r i a t e geometry.
I n p a r t i c u l a r
T 2T
I n t h e following we w i l l i l l u s t r a t e a simple theory, based on sum r u l e s , t o study t h e gross behaviour of AV, AT, u+ and 0-. In o r d e r t o g e t equations involving A,, AT, O+, 0-e t c . we w i l l use t h e following important sum r u l e s /8/:
where U ( l ) and u ( 2 ) a r e energy weighted and square-energy-weighted t o t a l s t r e n g t h s r e s p e c t i v e l y . Since we assume t h a t t h e s t r e n g t h i s concentrated i n a narrow energy region, 0 (2) = Eb (1) where E is t h e c e n t r o i d o f t h e s t r e n g t h and
In t h i s case our sum r u l e s become
w i t h
L a t e r we w i l l comment on the p o s s i b i l i t y of e v a l u a t i n g t h e s e sum r u l e s : l e t ' s j u s t now d i s t i n g u i s h " f i r s t order" and "second order" c o n t r i b u t i o n s i n t h e sum rules:
The f i r s t sum r u l e does not involve t h e Hamiltonian s o t h a t we have only a zero ord e r c o n t r i b u t i o n fo. The second one has a f i r s t o r d e r ( i f any) c o n t r i b u t i o n 0 (V) .
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The t h i r d sum r u l e involving twice t h e Hamiltonian has i n p r i n c i p l e both a f i r s t o r d e r ( 0 (V)) and a second o r d e r ( 0 2 ( T ) ) c o n t r i b u t i o n , t h e l a t t e r o r i g i n a t i n g from
terms containing the i n t e r a c t i o n twice. The p r a c t i c a l p r e s c r i p t i o n t o s e p a r a t e o u t t h e v a r i o u s c o n t r i b u t i o n s i s t h e following:
Where K i s t h e k i n e t i c energy p a r t of H = K + V.
I n s e r t i n g E+and E-from (2) i n (7) one can use an i t e r a t i n g procedure i n o r d e r t o e x t r a c t AV ( f i r s t o r d e r e f f e c t s from r e 1 . ( 4 ) 
some important p r o p e r t i e s become evident:a) t h e t e n s o r c o n t r i b u t i o n could be r a t h e r large: note t h a t AT c o n t a i n s a c o n t r i b u t i o n of t h e
Av kind A ( -) s o t h a t a l a r g e s p l i t t i n g between E+ and E-, i . e . a l a r g e AV, gives a Where VT i s t h e symmetry energy p o t e n t i a l ( 100 -130 MeV ) and w i s t h e harmonic o s c i l l a t o r energy. With t h e s e i n p u t s our formulas 9,10,11,12 give 
V 2E0 l a r g e c o n t r i b u t i o n t o AT. The s o c a l l e d b l m k i n g e f f e c t , which favours a-with resp e c t t o u+, i s displayed i n formulas 11 and 12 i n a c l e a r way. These expressions can be then compared with formula 13. Furthermore t h e s e general r e l a t i o n s can be e a s i l y worked o u t f o r simple o p e r a t o r s F and simple Hamiltonians H. In o r d e r t o ill u s t r a t e how quickly one can e n t e r t h e h e a r t o f a p r a c t i c a l problem l e t ' s j u s t work o u t some simple cases, s t a r t i n g from schematic f o r c e s of t h e kind suggested by
These r e s u l t s a r e i d e n t i c a l t o those obtained w i t h i n an e x a c t d i a g o n a l i z a t i o n of our
2~~ Note t h a t t h e s p l i t t i n g 60
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has c o n t r i b u t i o n s n o t only from t h e " f i r s t order" terms ( t h e famous -MeV law) b u t A a l s o from "second o r d e r " terms which a r e s i g n i f i c a n t i n s i z e and systematic. The l a t t e r has been r e f e r r e d i n t h e p a s t a s t h e i s o t e n s o r energy /7/. Data /4a/ a r e now a v a i l a b l e f o r s e v e r a l n u c l e i and they show-up c l e a r l y t h e " i s o t e n s o r " energy; our schematic p r e d i c t i o n s a r e i n l i n e w i t h t h e d a t a , a s t h e following t a b l e shows: 90Zr 3.9(4.3) 2.2 (2.9) 51 (60) 36 (23) 116 ' n 4.0(5.3) 2.5 (3.5 40 (60) 22 (23) (60) 23 (23) l-&,le 1. Data and T h e o r e t i c a l P r e d i c t i o n s ( i n p a r e n t h e s i s ) : everything i s expressed i n MeV.
As t o t h e r e s u l t s on a+ and a _ , d a t a a r e r a t h e r s c a r c e ; we can compare our r e s u l t s with those obtained w i t h i n an R.P.A. framework by Auerbach and Klein /12/ using a Skyrme I11 force. For example f o r 2 0 8~b W e obtain: 2 2 Where t h e f i r s t row corresponds t o VT = 120 r = 5.55, r, = 1.15 r and t h e second t o vT = 100 r : = r2 = (5.55)'. To be compared with 854 and 9.6 r e s p e c t i v e l y of r e f . / l 2 / . I n comparing t h e r e s u l t s one should keep i n mind t h a t whereas our formulas 11,12 preserve t h e sum r u l e automatically: a--a+ = 4 T r2 i n t h e c a l c u l a t i o n of r e f . / l 2 / 15% of t h e s t r e n g t h i s missing i n a--a+ .
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v ' 120 Data on u+/D-have been r e c e n t l y reported /4b/ f o r S,. W e o b t a i n o -/~+ = 5.3 t o be compared with t h e measured value c7-/ut = 4.
I V -APPLICATIONS: OTHER EXCITATIONS
The quadrupole o p e r a t o r can be t r e a t e d i n a s i m i l a r way, s t a r t i n g from t h e a p p r o p r i a t e schematic quadrupole-quadrupole i n t e r a c t i o n . W e use 3 = C 7 xi y i . In t h i s case one has W e r e p o r t h e r e some numerical r e s u l t s f o r Pb . Using VT= 120 MeV, t o be compared with a = 1283 and 0-= 8072 of r e f . 12; i n t h i s l a s t case, because of numerical l i m i t a t i o n s , 20 % of t h e s t r e n g t h i s missing i n t h e d i f f e r e n c e a--a+.
A s a f i n a l example we work o u t t h e case of t h e d i p o l e s p i n f l i p o p e r a t o r $ = c ?~~u~~.
One s t a r t s from t h e a p p r o p r i a t e schematic Hamiltonian containing a Dipole-spinflipDipole s p i n -f l i p separable i n t e r a c t i o n ( w e d i s r e g a r d small s p i n -o r b i t e f f e c t s ) . Let us c a l l VaT t h e coupling constant r e l e v a n t t o t h i s i n t e r a c t i o n : w i t h i n t h i s Hamiltonian t h e imput parameters f o r our formulas 9,10,11,12 a r e : I n t h i s case the asymmetry term AT depends on VUT and AV i s t h e n e t r e s u l t emerging from t h e e f f e c t of t h e symmetry energy T VT and t h e c o l l e c t i v e ( o p p o s i t e ) s h i f t in-A duced by t h e dipole-dipole i n t e r a c t i o n VoT -T . Once more t h e s e r e s u l t s a r e the 2 A same a s those deduced w i t h a d i r e c t diagonalizazion of the schematic Hamiltonian w i t h i n R.P.A. /13/.
V -CONCLUSIONS W e have i l l u s t r a t e d w i t h some examples t h e usefulness of formulas (9,10,11,12) using simple schematic Hamiltonians and e x c i t a t i o n o p e r a t o r s . To study t h e p r e d i c t i o n s given on t h i s matter by more s o p h i s t i c a t e d Hamiltonians one has t o work-out t h e com mutators e n t e r i n g i n ( 6 ) . commutators can be found i n r e f . / l 4 / . Dynamical Coulomb e f f e c t s can a l s o be included i n (6) and t h e a n a l y s i s can be extended t o o t h e r i n t e r e s t i n g o p e r a t o r s , a s t h e monopole and t h e magnetic d i p o l e o p e r a t o r s . For t h e f i r s t , i f one d i s r e g a r d s Coulomb e f f e c t s and exchanges, the formal r e s u l t s would be t h e same a s those obtained f o r t h e quadrupole (formulas 16) where now Eo i s t h e g i a n t resonance energy of t h e monopole e x c i t a t i o n . For t h e second t h e r e s u l t s would be s i m i l a r t o those expressed i n formulas 17 with t h e f a c t o r rz / r2 replaced by u n i t y and Eo i n t e r p r e t e d a s t h e energy of t h e magnetic g i a n t resonance. This matter w i l l be t h e s u b j e c t of a more d e t a i l e d work.
